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Letter to the Editor
Evidence for Ebola Virus Superantigen Activity�†

Zaire Ebola virus (ZEBOV) is the most lethal Ebola virus
species and one of the most virulent human pathogens, causing
a severe hemorrhagic fever syndrome that ends in the death of
90% of symptomatic patients within a few days (11). ZEBOV
caused numerous human outbreaks in Central Africa between
1976 and 2008 and also devastated wild populations of nonhu-
man primates (2, 10, 13). Recent studies show that ZEBOV
infection induces profound suppression of adaptive immunity,
characterized by massive B- and T-lymphocyte apoptosis both in
humans and in experimentally infected animals (1, 3, 5–6, 14).

Lymphocytes are not infected by ZEBOV, and the mecha-
nisms leading to this massive lymphocyte apoptosis are un-
clear. As the final shock-like syndrome associated with fatal
ZEBOV infection resembles the toxic shock syndrome ob-
served during infections with Gram-positive bacteria with su-
perantigen (SAg) activity, we wondered if ZEBOV might also
exhibit SAg activity. SAgs are microbial proteins that bind
simultaneously to major histocompatibility complex class II

molecules and to the T-cell receptor (TCR) V� region. This
“bridge” skews the T-cell repertoire by amplifying specific T-
cell V� subsets, which then are either rapidly deleted by acti-
vated cell death or become anergic (4, 7). Thus, we examined
the TCR V� repertoire of peripheral blood mononuclear cells
isolated from acutely infected patients by using PCR-based
methods. Surprisingly, TCR V�12, V�13.2, and V�17 mRNA
expression was undetectable throughout the symptomatic phase
in ZEBOV victims, in survivors but also in three of seven
asymptomatic individuals identified during the 1996 Booué
outbreak in Gabon (9) (Fig. 1). Furthermore, expression of the
other TCR-V� chains in deceased patients diminished as the
disease progressed, reaching very low levels the day before
death. In contrast, mRNA expression of the other V� chains
was normally upregulated to the same level as �-actin mRNA
in asymptomatic individuals but also at the beginning and end
of the symptomatic phase and after recovery in survivors.

Together, these data show that, whatever the clinical out-

FIG. 1. Reverse transcription (RT)-PCR analysis of the TCR V� repertoire during human Ebola virus infection. Agarose gel electrophoresis
of PCR products obtained with various (n � 20) combinations of V� gene family-specific and C� oligonucleotide primers was performed. Kinetics
of mRNA expression of 10 TCR V� species in 10 uninfected control subjects (two are shown), fatal cases, nonfatal cases, and asymptomatically
infected individuals are shown. (a) RT-PCR analysis of mRNA in eight fatal cases. The time before death is indicated at the bottom. (b) RT-PCR
analysis of mRNA in four nonfatal cases during the symptomatic phase and in two of these cases a few days after symptoms ended. Each patient
with a nonfatal case was sampled three times during the course of the disease, and two were also sampled a few days after symptoms ended. (c)
RT-PCR analysis of mRNA in three asymptomatic individuals 7, 9, and 23 days following initial contact (IC).
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come, human ZEBOV infection is associated with mRNA
downregulation of three TCR V� subsets, indicating either
anergy or deletion of the three corresponding T-lymphocyte
populations. These results are consistent with ZEBOV SAg
activity, the first time that it is suggested in the Filoviridae
family. Whereas a large number of bacterial SAgs have been
identified, only two families of viruses have SAg activity in
humans, namely, Herpesviridae and Rhabdoviridae (8, 12).

These findings may represent the “missing link” in our un-
derstanding of ZEBOV pathogenicity. The SAg activity of
ZEBOV might contribute to the extraordinarily rapid and pro-
found T-lymphocyte depletion observed during fatal infection.
The high viral load observed during fatal ZEBOV infection,
together with the simultaneous targeting of three V� T-cell
subsets observed here, would elicit massive lymphocyte activa-
tion, rapidly resulting in the deletion of large populations of
V�12-, V�13.2-, and V�17-bearing T cells. The loss of mRNA
expression of the other V� T cells would be due to the pro-
portionally small decline in these subsets.
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